Role of two nucleotide-binding regions in an N-ethylmaleimide-sensitive factor involved in vesicle-mediated protein transport.
N-Ethylmaleimide-sensitive factor (NSF) was originally characterized as the protein that restores in vitro protein transport activity of the Golgi membranes inactivated by N-ethylmaleimide. This protein has two homologous regions, each containing the consensus sequence for nucleotide binding, and possesses ATPase activity. To investigate the role of the two nucleotide-binding regions in NSF, we have replaced two lysyl residues (Lys-274 and Lys-557) located in the consensus sequences with glutamine or methionine via site-directed mutagenesis. The mutant NSF proteins in which Lys-274 was replaced had no ability to restore protein transport between N-ethylmaleimide-treated Golgi membranes and, in addition, inhibited the protein transport assay using normal Golgi membranes. This inhibition, which was eliminated by N-ethylmaleimide treatment, was caused by the impairment of the function of donor Golgi membranes. Although wild-type NSF showed a protective effect against inhibition by the Lys-274 mutant NSF protein when added at the start of the protein transport assay, its protective effect diminished after the time for the formation of transport vesicles had passed. These results support the idea that NSF incorporated into transport vesicles is nonexchangeable for exogenously added NSF. On the other hand, the mutant proteins in which Lys-557 was replaced had slight but significant protein transport activity. They did not inhibit the protein transport assay using normal Golgi membranes. The mutant NSF proteins in which Lys-274 and Lys-557 were replaced had about 20 and 25% of the ATPase activities of wild-type NSF, respectively. Their ATPase activities were sensitive to N-ethylmaleimide and dependent on their protein concentrations, as observed in wild-type NSF.